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AI K’J’RAC’J) ‘J’llc ])rccision  of astromctric V],]]] ]nmsurc]nmlts  of
radio-emitting stars has improved sigllifica.ntly  during the ])ast several
yca.rs. For some stars WIIOSC radio flux dcmity is only a few mJy the
formal error  and epoch-to-epoch scatter in position is w 200--600 micro
arcscc. ‘1’lIc illtri]lsic signal/]  loisc  ratio ill tlIc data slIould  a l l ow a
furtllcr  order  of ]Ilagllitudc im])rovmncmt  ill astronlctric ])rcc.ision as
s o u r c e s  o f  systmnatic  error arc tmttcr u]ldcrstood  and  co r r ec t ed .  Wide r
ba]ldwidtll  V],]]]  d a t a  rccordi]lg systc]ns currc]ltly under develo})mcnt
will allow prcc.isiolls  of N 3 I]licroarcsec if tllc Incasurmncllts arc lilnitcd
Iy t]lcrlnal noise. At this lCVCI1 planets  with Inass >0.1 x MJLJ1,lT1;IL
could h dct,cxtcd  fol t}lc nearest raciio  c]llittillg stars.

lN’J’ltOl)UC’J’10N

Astro]netric. ]nc)llitoxillg  of tlie l[iinutc dis])lac.c]]~cnt of a star around t,hc
lmryc.mltcr  of tllc systcln that includes ])ossil~lc  ])lanet, ary coln]mlio]ls IIa.s
lwell all i]ldirec.t  mctllod for ])lanet  de t ec t ion  fo] sevcra] decades at oJ)tical
wavclctl@lls (van de Kal]ll)  and  l,il)])illcott 1951 ). ‘J’tle lllotioll of a sillglc
])la]lct  ill a circular orbit arou Iid a star causm tlic star to ulIdclgo a circular
motio]l  arouncl  L}lc sLar-])lallct  Imrycc]itcr. \Vlic]I ])rojcctcd 011 tlIe  sky,  the
orl)it of tllc star a])])ears  as ali elli]m with a]lgula].  sc]lli][lajor axis O g;iven  by:
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WIICIT  o is i]) arcsccmllds,  t,llc sc]llilnajor axis a is ill AU, t]lc mass c)f ttle ~Jlanct,
(?//,, ) a]lc] t]te  JIlass of t]lc  s tar  (Af. ) arc ill so]ar ]IlaSSeS) a]id t]ie  distallcc d i s
ill J)C. 1;01’  (Hllpk’, i f  tlI(, solar syst(lll]  w(II(! OIW1 v(:(l fro]ll  a distallcc of 10 ])c
tllc ]JICS(IIICC  o f  Ju])itcr w(IIIld  I)e r(,v(Ialwl  a.< a l)(,rio(lic  (Illi})tical  disl)lacc]ncnt
ill tlIc  Sul I’s ])osit. ion, w i t h  a II iill]])litudc  O of ()..5 ]Ilillialc.sccc)llcl  (lt Ias) and a
]wriod of 11 .{) years.

Opi,ical  astmluetry  has gc[lcrally I)ccll lilllittd 10 a I)rccisioll  o f  a few tells
of  Inas  I)at tlI(! Iwst  Incasu  re}netlt.s arc JIOW at lIIC 1 lnas level ((; atcwood cf
a l .  1  992).  ‘lkc.lltlical  adva)lccs ill \~cry ]Jollg IIa.<elillc llltc’rfcrc,ll)c:t,ry  (v],]]])
witli tlic Mark 111 dat,a  acquisitio]l systclli (I{ogcrs  ~t al. 1 983) llavc  ]}rovidcd
Suflicicllt  sensitivity to reliiil)ly  det,cct radio clllittillg stars ovcJ  tlic last fcw
years. We IIavc carried out V],])]  lneasurclnellts  of ttlc ])ositioll  clf the radio
star 07 {;r]l silice  1 9 8 7  all{] dclllollstratc:d that t,]le Icvcl of ])rc)cisioll is ().2  ]I]as
during 5 years. ‘J’]lis ]CVC] of ]~lecisioll i s  I)ot SNl{-lilllit,ed  and IIligllt  rcacll 20
mic.ro:wcscc.ends if all systcl[]atic errors  cou Id lw rclnovccl  by alI improved
strategy c)f olwcrvatioll or data alla]  ysis. Such  a IIip,ll  level of astrollletric.
prec.isioll [nakcstllc Vl,lll

I{ AI)  I()-I(;M1’I’’l’IN(;  S’1’A

Lcchllique  a imw~crful ]lc~~f too] for ])]allcta.ry  searc]le.s.
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‘J’llerc filc:al)c)llL400  stjalstl  lat(!xllil)it” radioel]lissioll  asco]n])ilcd  by
\Vclldlicr  (1987). Al)out  Ilzilfoft .llctsost  alsoxllil)it  tll(~r]nal fr~’(’-frcc cll]issio]l
fmln  very  large iolli7,cd circlll]lstclliir CIIVC1O},S t h a t  amfu]ly  Ksolvcd  I)y
VI JII1 olmrvatio])s.  ‘J’llcotl  l(,rs{arsexllil)it Iio]l-tllcrlilal radio c]nissio]l
(gyrosy],chrotroa,  sy*IclIrotroI,, col IcrcIIt  Cillissioll  ]n(’clla]iis]]ls)  J;fit,ll ty])ic.al
source, siy,cs of a fel~’ lllii.S  ()] I{,ss.  ‘1’llcsc lIol I-tll{,ll]lal  ra(]io  [Jlllittiilg  stals
Iwlollg  toa wide vari(’ly  of ])llysical  C.la.sscs, c.{/. X-ray,  1{,S (XIII, Algol,  [l Me,
1$1< (k)l II, ‘1’ ‘] ’auri. IVlally of Lllw+cstarscall lw detcctwi I)y tllcscllsitivc V e r y
l,argc Array (VI,A)  ill N(’w h4cxico, l)Ut ~1’(’tO()\4’Cilk  tot) (’(l (!tQCLCCl  I)y \rl,l J1.
‘J’]lci] radio flux dcllsi(y isoll]y  a few IllilliJa]lsliy (In.ly)  or less,  i .e. ,  100
loootilllcskt(’ak(’l  Ll)ali colll]):lct[lxtragalactic  ladiosourcos  usually olxcrvml
by \~l,lll. Nc’irc’]tlir,l(~ss,  ,‘iosta]sc ali Iw dctectcd I)y l)lla.s(,-r(’f{’lc[lce{l  Vl,l)l
olmrvatio]ls  and  this  ]1111111)(’I \vill grour wit]) future i]]]])]()~~c’lll(,llts  of tllc
tccll]liqu(,,

\4)(l I:11’(SCl(I(t(I(l  1 1  l<i~li,Jt illitli llp,sl:ilsl\’illl  tlo]]-l  llcllll:il(] llissic)]i (7
l{S(I\~II, 2X-ray  aIld 2 l’)(-h4:iill-S((]llc~llc(,  staw) fora IIip;tl-accu  racy V],]]]
astrol]lctric Illc)llitorillp; ])rofI,raI II ill sut)])ort  of ttlc IIi])l):ir(os  II}issioll. ‘1’I)c
initial IIlotivalioll  of t h i s  lJro#,l:i]II  w:is to II Ica.sllrc  tlIe Iadio }j(]sitiolls a r id
])ro]x’r  lllcJlic)]lsc  )fla(lio stalsl\llicll arco])ticfil]y l)ri~,lil (IIIOII~;lI to t)roljserv(d
I)y tll(lli  ])l)alc oss:lt{,llit(. ‘1’llisliill  all~)iv (IS Iillk tllc f u t u r e  IIi})[):il(osc)])ti(:ll
rcfcrcllcc’ fralll(’ (0 att (’x{l:lp,;llzl(ti(  [Ills.sii]lclti;il rcfcrcllc(’  systcJII  (I,rstra(lf’ c1
(//, 19{)2).

‘1’]i(  ]Iil)])alcos  lllissic~ll  is(,xl)(,ctvcl  t,ocll(l i]] late lg{)llorcally  199.4, alI(l
OUI su])lmr(illp,  \71,111 ol)s(,[l:itiolls”  of radio clllitti]lg, stars v.rill clId ill ]I]i(l -
19!)1.  \!T(I i]it(,]l(l toc(~]llill(lc (~llr\]l,lll olx-wrvatio]ls  of stars lwyo]Id tllis(lalc
with ill{rc:ise(l  ii(’(’111’ii(’~  to S(>illCll for CXtra-SOlar ])la IICtS arou]l(l  tll(’  7 Stal’S ill
‘J’al)]c ] ] ]  lN]()\i,,  ‘J’llis lal)](, illc]ll(l(,s  50f L]lec]oscs{,  st,arsfroll) our IIi])]mrc,)s
j)l OF; l’alll.
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\~l,l{l  is aII astroIItJIIjical  Ifclltliquc lisillp;  aII array of a] ItetIII:Is (ttvo  or ltior(!)
scljarat Ml I}y Imselillcs  of a ((w ttlousalld Iiilolileters w]licll silllllltallc’c)llsly
o}mrve tl)e  salllc radio sollrcc a]]d record its collt,itluull]  signal over a lilllitcd
b a n d w i d t h ,  ty})ically  ii fcw tells of h411z, OJI ]llagIlct,ic  ta],cs. AfLer  t,llc
ol)smwtions,  t]lc ta])(’s ii rc sllij)])(d  to a I)roccssing  facility and tll(’ r e c o r d e d
si~;]lals  fro]l) WIc]i  ]mir  of aIIl CIIIIaS drc  crc)ss-cc)]rc~la tc(l 011 a s])ccializd d ig i t a l
~)roc(’ssor. ‘lllIC ot)s(’rvatio]ls”  arc usual ly  carri(d out, at cc]lLill](ltcr  wavcl(~lig;t,lls
( 1  1030 (~llz). (;o],cre,lcc of t]lc  radio sig,la]s Kw.ordcx] al a,lte]l,,as se]xirakd
I>ylo]lg  (listallccis lmssihlc I)yloc!ii[lg  tllehctcmdync  rcfc:rcllcc~flcclllcllcy  c)f
tile rrccivm at CWC]I silt to a frcqucac-y  stalldard such as a IIyd  rogca ]na.scr t,l]at
]Ias a stahi]ity of ~ ]0- 14 s/s. ‘J’llis allows collcrcllt cross-  corrclatioll over 5-15
mil)utcs at ccntitnctcr wavelcnp,ths.  G311scquelltlyt  the obsmwd radio sourc.c
lnust have a flux dcllsity IIigll ellciug;l] to 1}(:  detected over  a si[llilar illt,eg;ratioll
t,ill]c. ‘J’llis is tlie rcaso]l  Mr]ly  V],]]]  is less  sclisitive tliali tile \~J,A,  wllicll
is a C.ol)acc.kcl illtcrfc~rc)itl(,t{’1  w’itll which one cali itltcgratc data for several
hours if liigll sm)sitivity is quircd. of  courscI, VJ,II1 IIas a Inuc]i finer  a n g u l a r
rcmlutio]l tllali tllc \~l,  A rcacl)ing,  <  I  ]nas  011 illt[!lcolltiliciltal lmsclilles.  A t
tllc \~l,l)l ])roccssorl  the clc)ss-collc:latioll of tllc’ recorded signals leads to the
Incasllrc]n(t]lt,  of tlic a]n])litude and I)liasc of  tlIc  co]nl)lcx  visit  )ility iaduccd I)y
tllc sourw l)riF,llttlws  dist]it)lltio]l c o n v o l v e d  w’ittl tl}c I)(!a]]l of tllc alitelli)a I)ai]
for tllc duration of caclI stall (ty])ic:illy  a few ]Iiitlutcs).

A s  ]nclltiollcd al)ove,  tl)c  collcrc]tc.c  tillle ill sta])dard  V],]]]  is scvcrcly
]ilnitw]  h ]ess L]lafl - ]5 miliutcs l)y L]ic illdcl)rtldcl]l frcql!c[lcy  s t a n d a r d s
at tllc V],]]]  stations. \$Tl](’]i a radio source is so weak Lll;it it callllot be
d(’tccted  witltia  this  dllratio]l, OIIC lIas to rmort to t II{’  l)li:~.sc’- l{ ’f{,l{~Jlci1lp,  V]]]]
tecll]lique. ‘J’llis allows  ll)lllli])l(~  sca]ls  t o  1)(: col]ll)ill(d ill :1 sillglc  collercllt
il]tcgratioa ]x’rio  cl, :is u’c I)avc [I(>lllc)llstratocl  I)y o u r  IIi])]mrcos.  related \~l Jill
astronlchic  ]Jrogralll. A  rcf(’rcllc(’  for tllc \rI,lll I)lla.sc IIlust  IM cstal)lisllc’d  l)y
olmrvillg aII a]lgular]y Iloarl)y stro]IF, cxlrap;alactic sourc(’  alkrtlate]y wit]l
tllc w’cak I)ror;ralll  sou]cc w’ittl a c y c l e  Lilnc of a fcwr l)lillutcs (]CSS  tl[a,a tlICI
cotlercilcc tilllc). Sucl  I a j)l Ia.sc  lcfclcllciil~,  teclllli(]uc ill \~l Jill allow’s i]lcrcasd
s(}]lsilivity  t,]lroup,ll usu o f  JIIIIC]I  Iollg,cr illtcgratioll lil]les (several hours) willl
II]i)li]l)ultl collerc]lcc  loss. ‘1’llis st rat(,p,y also allouw  IIip;ll accll  racy difl’crc’lltial
astrolllctry ]wcausc  t]lc  I)ri]l)(’  olwrval)lc USNI i s  t.llc Vl,li] l)llasc.  ‘J’IIc V],]]]
itlt(’lf(’]()][1(’tc] j)rodl]cw ]Ilillial(s(’(()]1(1 fri]lp,(i s])acillgs  ()]1 tile sky,  aII(l tlIc
])lIasc o f  tlir CO]II})lCX  lisil)ility (Icrivcd  frol])  cr{)sscc)lrrl:lticlll call  tm used  to
lllcasure tllc lmsitioll of tllc r a d i o  source with all ullccttaiilty corrcs])oll(]illg  to
a stl]all  frtictio]l  of Lllis flillp,c sl)acilip,. ‘1’IIc  ])lla.sc r{~fcr{,l~ci[lp, VI ,111 tcclilliquc
as ;i])])licd ill our  l’1 ,1)1 :1.s(lt]lllct[ic  ])lop,lal]l is (Icwlil)(’cl ill de ta i l  ill l,cstradc
ff (11 (1990).

\~l.111 OIISII;I{VA’I’IO  NS” 01” ‘1’111: I{ AI)10  S’1’,\l{  o:’ (’I]]

o:’ (~111 is aII 1{S (;V]l  C](M I)illaly  wll(wc’  oll)itill ]Iloli(]]l ll;Is a jjcriod  o f  1 . 1
(l<l)’  illl(l  ~ sclllilll;tjor ax i s  of” ().3 Illas. 1’11:{.s(’  l(f(’1(’]l((xl  \rl ,Iil {)l,scrvatiolls



of az ~;rll Iv(,r(, [o]i(]uckd  at 12 qmchs ]) CLWIWII May 1987 a]]d A U~; llSt 1992.
‘1’lIcsc C’]XKIIS  arc listed i]] ‘1’al)le 1 .

At 5 (; IIz,  our  ]JrOgIa  III usd a V],]]]  array CC)III])OSWI  of tlie followrill~,
alltcll]las: tllc ])liasw] \’l, A (hll{A(),  N.M  .) ,  J\OItII (Ml’], (;cIrJI)a IIy), hlwlici]la
(]kdogna, ltaly), (;rcct,lmi, k (NRA(),  W, VA.) ,  ]l;ijrStaCk (MI’J’,  h4A.),  OVJ{()
(Glk.cl,, (A.). At 8.4 (JIIY)  tl,t VI,IJ1 array i]lit,ially  i,)cluded tlic 70-,1,
I)SN  mlt,cn]ia at (;()](]sto]]()  (J]’],,  C A . ) ,  IIat (;mk (Ikrklcy,  (:A.), OV1{()
(Gdkc.h,  (1A.),  IIaystack (Mlrl’,  h4A.), and t],, VIA (NRA(), N.M.). h40r(
rcmrltly, our cx]wrilncllts at 8.4 (JIIz lIavc used  tlIcI ‘i’()-in I)SN aIltc]llla at
Gc)ldstoIIc  aIId sc’vrral  of (IIC Ilmvly ct)]l~lj~issio]tr{l \~I,l)A a~It,eIi]Ias ( u s u a l l y
IIrwvstcr, l~ort l)avis, atld  NortlI l,ibmty). ‘J’lIC total data i[ltcgratiol]
Limcswcrc  bc’twcc’u  .5 atld 8 ll(~[lrsatcaclic~)c)cli. ‘J’l~c  Mark-111 \~I,lIl d a t a
accluisitio]l  systcl]l ~~’a.s USNI to  mc.ord a Im]ldwidtll o f  28 Mllz {Itogcrs et al.
1983).  ‘I’ll(: co]lcsl)c,lldi( lgclc,tcctio~l tllmsl~olcl  isalmut 21nJy  (loo). A l l  tile
Crc)ss-cc)rrc’la  tic}ll of tll(! recorded sig[lals wascarried  outo]l  tllc Mark-l]] V],])]
l)roc.cssorattllr ]Iaystack ol)servatoty. \Ve.us(~ a ]Ioli-stalldard  flil~gc~scarclliilp;
tec.lllliqu{! ill wllic.]1 tllc residual  gcc)llleLric delay a]ld fril]gc  ratcdcrivcd fro]tl
stro])g refcrellcc source} frillp,m arc USC(I  to detect tlIc Inucli  wcakcir  frillp;es fro~n
tllc star.

‘1’AIII,II;  1  V],])]  ol)s(’r~~atic]]lsofoz  (;rll at, 1211; ]K)c.]Is

01)s(!1”. ort)it:il I)lIase
1 )ate

87/05/26
88/11/16
89/04/13
90/04/21”
go/]] /](j
91 /().1/12
91/09/14
92/01 /1 5
92/04/()!)
92?/04/22
92/06/08”
9?/08/03

((yck)

0.[)6
().93
0.25
0.[)3
0.37
0.86
0.53
0.88
().gfj
().7(i
().8!)
0.06

14’(’(] II (’II (’y
((~llz)

[). ()
[).(1
T). ()
8.4
5.()
8.4
5 .()
8.4
8.4
8.4
5 .()
8.4

l:lux de]lsity
(111.ly)

10
28
7
6

3.8
19.5
4.3
4.6
18
(i
13
8.3

>

Colll]mllclits,  al}d ]Jalalla”x) U’(’rc rstilllakd  IJJ ii Icast  squa re s  f i t  w i th  tl)c  24
coo rd ina t e s  Illcasurd at tll(’ 1? (’])()(11s. }:ip,[lrc 1 SIIOWS ttlc  results of tlic fit.
‘1’lIe  (Iilcfltaillti(,softll(  Illca.sur{’d \rl,lll C()(ll”(lillilt(’S wcrcwt h o .  ?  l]jilli-
al”cscc to lllakc  tllc I’(’dm’c(i-l ~ ~lc)s~ to ~~)lity ft)] tllc IIultll)rr  Of  dCg’1’Ws of

frwdottl iii tllc f i t  (19).  ‘1’11(1 wcip;llt(’(1  rlIIs(;ftlI(L  J)(wt-fit  coorditlate  rcsidlla]s
i s  ( ) . 2  Illas.  \Yitll such  iill a<ljllstlll(,llt,  tli(’ f(~ll]lal lllit(’ltaillti(,s for  t}lc 5 fitt,cd
]X~ralllctcrs  arc O.OS Itlas  fol  tlI(’  l’(’lilti\’(J ])(witi(~ll  1)(’lti’cell az (;rll and tllc
refercllcc source l(ill-{ ~{’ttt, ().()1  lllas/ycLal  for (1}(, I)lc)}w] llioti(~ll  and ().()S fJl:is
fortllrtfigollc)lli(’tij(”  ])iil’iilli!  k’. ‘1’ll(c[)ll(l;ilic)ll  Ill;lllix indicates that 111(J5
Imlalllct(,rs arc \r(,]l sc[)arat(vl,



POST-FIT POSITION RESIDUALS FOR THE
STAR 02 CrB

1987
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1990
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1991
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l~ig. 1. Result  of t,hc fit of the 5 astrome.tric ]mralneters of Uz Crll
adjusted  to tllc coo rd ina t e s  mcasurml by VI,]]]  at 12 c] Joc.lIs.

‘J’hc numhr of dcgm of freedom (19) is high cwough  to make the
statist ical  significallc.c  of ttlc forlnal ullcerlai[ltics reliable. V.aric)us tests lIavc
lmcII  made for the robustlmss  of tllc solutio~l.  O]\cI tmt IIas been  to ma.kc two
sc}mratc astrolllctric solutio]ls, OIIC with tllc first 6 clmc.lis  a]lcl c}]]c with tllc last
6 C])oclls of Observations. ‘Jhl)le 11 tw]ow’  indicates tllc ~JaraInct,cr diflcrcvlccs

lK!twcelI tile two solutio]ls.

TAI!I,III 11 l)iflkrcllccxs IIctwccm ‘1’wo Astrolnetric So]utioas

-if -1 o.~8 Illas 1 .0(7
- 0..32  IIlas 1 .5(7

AI(O -i 0.02 IIJas/yr o.2f7
A\L6 - ().14  lllas/yr 1 .ho
An -0.01 IIlas 0.10

A l s o ,  i,}Ic 5 astro]nctric  ]mralncters  of o? (2II delmrlnincd by \~l,l)l l[latcll,
wittlill u llcc~rtailltics,  lIIC Iwst, (I)ut  [(’ss ])rccisc)  optical  tlct.f’llllil~atiolls.

Jh41’l,l(;Arl’IONS  1X)1{ ‘I’ll l<; I’I{II:S1(;NCII;  01)  l’l,ANlfYl$ AI{ OUN1)  o? Crll

‘1’hc  lack of a siliusoida]  signature ill ttlc ]mst-fit coordillat.cs  residuals of l~igurc
1  sets a lil[[it< ol~ tltc })rcsclicc of l)lallcts around CJ2(;r11. ‘J’lle II[ls c)f tllcsc



●

pOst-fit  I{ Y+idUalS  (().’2 lllil.S) iS ~11 U])})[!l’  lilllit 01[ sJmtclIlatic dc]mrturc frc}ln
lilicar ltlotiotl fortllcsta[.  lfkl. ( 1 )  call lw uswl  toc Ixcludc  a ra]i~cofl)la)lctary
}wrtullmtiolls I)y takillp;y(l:  0.2 111 W,J4. : 2,26 A4C), aIId (1= 22.7 l)c.foroz(;r]).
‘l’llclc)~,-lo~  1(  ’])l”(’S(’ll  tilli[Jll  (Jf((l  ( 1 )  lvitll  lliesc ]Jala]llctc’rsissllc)ii’11  ill l’ip;urc~.
‘1llllt li2ip,cl]l:tll ilicc~ft(  Jllstiillt astloll\[’t]icsi~ l)atllrefollc) \\s(’{j.” (l)a IId all
})c)i]lts:tl)oi(’tllis li]lc rcl)I~wIIts lar,qcl  j)la IIctiiry  l)rttllrl)atio]ls.  \$TC:aSSLIIIIC
tlIa La full orl)ita] lwriod  of tllc I)laIIct  Inusl lwsaIII])ld  duri IIg t,lIc total sjm]l
ofolmrvatiolis  Ios(’l)aratc tlIc silll]soidal  I)la IIctaIy s igna tu re  fm]ll  tllc fittwl
linwr j)ro]wr  Itiotioli. 111 tll(s(’coll(litic)lls, tlI(’ l[laxilllll  [[lsc’lllil]];i  j{~raxisr[c,f
a ])lallct  Corrcslmllds  to tlIc  total olxwrvatio]l  sjm II tllroug]}  tllr tliird l<el)lcr
law. ‘1’his u])jwrlilllit 011 CI is 3.8AU  fc]Ic)(]] 5} ’(larsc) fol)sc]\’atio] lsa]lcl istllc
vmtica] dasllcd ]inc ill IJiguw 2. ‘1’llc slladcd area illdic.ates tlic ]mramctm s]mc.c
(c(, ~l~j, )tllatartc )xcl[ltlc(l  l)~’c)(I  l{ Jl)scrt’atiollsf  c)lal)c)ssil.)lc” l)lalict. Note that
f e r n  = 3.8 AU, tllc ]IIassTn,, iso.0014  A(c), i.e. 1.4 tilllcs tllc IJIaSS of Ju])itcr.
l~illally,  oli l~igurc  2, we Iiavc also SIIOW]} m’licrc a Ju])iter-like ])lallct  w o u l d
fall.  l]ltcrcstillgly, tllc ])rcsrllt  accuracy of our Vl,ll] Il)cta<stllclll[’llt corrcs]mllds

exactly to tlIc detcctiol) tlIreslIold  for a Jll])itc]-like ])lat[ct  am(l][d  07 Crll WlICII
12 years of data arc collwtd.

RELATIONSHIP BETWEEN THE ASTROMETRIC MEASUREMENT UNCERTAINTY AND
THE MINIMUM DETECTABLE PLANETARY PERTURBATION AROUND 02 CrB
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‘1’tlis i)ltc:l])rc’tatic)ll is Ollt,i[tlist,ic sillcc lllac.k  and Scarglc:  (1 982)  note
that tl)c  ttlc fitted lillca.r ])ro]wr  IIlolioll  al)sorl~s  ]mrt o f  t]lo ])lanctary
]){’ltllrljatic~tl.  ‘1’liww  a u t h o r s  sliow  that w’itl) olmrvatiolls sall]])!ing  a sillglc
orl)ital ]wriod,  tllc aln])lit, udc  of tlIc l)la IIctary  1)(’]t(t]l~:itio[l  is [lll(lerestilllat(~cl
I)y as lliucli  a s  47(X). llowcvcr, if tllo cla.w+ica]  lIlod(l (I)(witio]l,  I)ro]wr  I[lotio]l
alId tligollc)lllctiic ]mrallax) is c(IIII])lc  II I(o IIt(icl l)y a sitlusoidal fu[lctio]]  aIId tlIc
a pIioli values  for tllc a]])] )litudc, ]wriod  aIId ])l]asc CIIOSC]I  to mvcr a l a r g e
Vo][]ll)e  Of 1,11(.  I)aralllctcl Sl)acc’, IIo alwor])t,ioll  of tllc I)la]lctary lmturlmtioli
would occur  and tlIc I 3 additiolla] ])ara]l)elcrs  call br fitkd.

o (;rll is a tril)lc’ systclll Cmllsistiilp, of  a visual ])air with a <~1 V star
(01 (;rll) sc]mratwl by 1 4 0  A(J (1’:  10(10 y e a r s )  fro],,  a s],cctrosco],ic  I,i,lary
(a’ C;]]] = 1’6V/l’8V) wllosc  sc])arat,iol,  is G I{E, (1’=1 .13 day).  ‘1’l)e t w o  orltital
])lallcs  arc co ])lallar (Ilardcll 198[)). ‘1’llc  radio clllissioll  i s  idcllt,ificd  wit]l  t]ic
s}wctrosml)ic.  biliary c,lassifid as aII 1{S {;\T]) wit]l two clllolll[)s})}lcrically
ac.tivc  stars. ‘J’lle ]nasscs  of tllcsr t~vo stars, 11’GV allcl 11’8V, arc 1.12 and 1,14
Afcl (]~a.rdcl~  1 {)85),  rcs])ectivcly,  aII(l  L]lcir SUIII, 2.26  M(.), }Ias IWII USCK1  in t h e
analysis al)ovc.

‘1’)IC locatio]l of t,lic radio cclltroid w’itllill t,llc sl)cc.tmco})ic  I)itlary  is a
crucial qumtiol). If tllc radio e]nissio]l  is assoc. iatxd wit]l  oIIly OIIC of tllc stars,
tllcll a lmali-to ]wak dis])lacc]]le]lt  of ().6 ma.< corrclakd writll tllc orl)ital ])ltasc
of tllc syst(’in Would Iw scot I itl our coordi]latcs  residuals si[lcc  tl~c olwrvatio]ls
were  takcII  at var ious  olbital ])]lasc of tl]c  s]wctrosco))ic systcl]l. A ])rccisc
e])llet]]c’ris  of orl)ital ])liase Iias I)cctl Qstal>lislled  for rJ z (Irll I)y ]Iakos (1984) .
‘J’IIc })ost-fit  ]csiduds tnig]lt  I)c do]llillatd  l)y tliis o r b i t a l  ]notio]l  aIId W’(I
arc illvcstigatillg this ]mssil)ility  wit!) a(ldit,iollal  ol)scrvatiolls to c o v e r  t}le
WIIOIC  orl)it ulliforllllyo ‘I’l Ic stat) ility of this radio cclltroid c)vcr ti]llc is aII
im]~c)r{ aIIt  quwtiol]  for a ])l:iII(Jt ary s(’a rcli. ‘1’IICIC is 110 d[’taild Inod(’1 of tlIc

r a d i o  eltlitti]lg rer,io]l  ttlat CaII Iw used to derive this stal)ility. It II)USt IW
dct(’]llti]lrd c)l)s{’]~~atiollally  aIId tlIt’  ]IIIS of our ]mst-fit coordi]latc  residuals (().2
lIlas  or 1 1{~, al 0:’ Cr]l) cii]i also Iw i]ltcrJ)rctd  a.< a i]lc:isurc of this stal)ility.
If tlic radio Cl]lissio]l is coi]l(idc]lt witli olIc of tllc staw as c’x[wct(d,  tllcli
t,tlc a.stro]llctric e r r o r  iilduccd I)y its Illotioll  arou IId tlIe otllc] st:ir could  IW
rwlucwl  dra]l]a Lically I)y solvit)g  for  tllc I)illary  ]Ilotioll. \’Vc  tlavc  (’Ollfillllcd  Lllat
tllr radi{) c]t]issio]i is i]ldcc(l a s soc i a t ed  w’itll  a si[~glc star ill tt~c Alp,ol  systc.111
(l,cstradc Ci 0/. 1 993).

1~(1’1’111{1: V1,l)l  AS’1’1ioh41  ;’l’1{1(: OIWI:l{VA’I’10IXS”  ‘J() S1:A1{(; II 11’olt
l’J)ANl:’J’AllY  (X)hll’ANloNS

A s  a IJy-]jroduct  of our IIil)})arcos  j)rcip,ra  III, WI{ lI:IV(,  d(,]]lotlst  rated tlliit
l)lIa.s(’-Icf(JI[III((’(l  \Jl)lll olwt’l\;itic)lls  of  tllc la(lio s t a r  07 (;rll calt  acllievr a]t
a.strol]lctlic ])rccisioll  of ().’2 lllil.$  (]mst-  fit [)ositi(]tl  Icsiduals). IIlterestillp,ly,
t h i s  I)rccisioll  coIr(sl)OII(ls  al)ollt  to tlIc  lcl’(’l of ])crtl]rl)atioll arOII IId tll(, lilica]
])101){’I ]Ilot  ioti of t tic st ill’ (Jxl)(,(l(,(l  f’ol ii ,1 I]l)itc]-like l)lall(>t O\’(,1 S(, \(’lal y(’ars.
Silililar rmult, s lIavc lI(VII  (Il,tai]l(,tl  fc)r tlI(I other s tars  of  our IIi])l)arcos  ])ro[~,ralll
l~ut, u’it]l al I a.stm][lctlic I)]f{isioll :i to f) till~c’s Iargc’r. ‘1’IIc  Iws{ w+ult  is for
02 (;1’11 lXTal]S(’ tll(’ All[),lllill’ sc]):lratic)rl  1)(’twccll  this star and tllo  rcfr](,]lcc
source uwd is tlIc  s]]~allvst ((),~)”).
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(rJ’hompson,  Moran, al,d SWC*,SO*I  1986).  For our  observat ions ,  Oe,d is 20
l~lic.roarc.sccc)lltls  with 11 = 3000 k]n, A = 6 or 3.6 CIII and SNI{.  > 15.

‘1’al)lc 111 sullllllariscs tllt!rc!levallt i]lforlllatioll forthe7 radic}clllittillg
starso f o u r  ])ro]mswl a.strolllrtric smrcll ])rograln  ill order t,oo3111])ute t,he tc)tal
sky  displa.c.elnc]]t  2 x o froln cq. (1) C! X}) CC.LWI for a Ju])itcr-lilic planet aroulicl
thcscs tars. ‘J’llc magl]itudcof2  x  O in t,lIe. last c.olumIL oft,llis ‘J’ablccoml)are
favorably totllc])c]tclltial SN1l-li  I]]ited astro]l]ct.ric ])rccisio]l  (cq.2)  of])liasc-
rcfcrwlc.ccl V],]{] c)bservationso]l U S - c o n t i n e n t a l  baselines (1]= 4000  kin).

‘J’llc last i?sta.rsill  ‘J’able 111 (IIuIJI)Ic 4 arlcl lll)J’;2835720f  th[!rJ’aurus-
Auriga dark clouds) arc l’rc- h4ain-Scquc]lcc stars that arc not ]mrt of our
c u r r e n t ,  IIi})parcos  ])rograln  I)ut llav(! been  dctec.tc!cl 011 illtclcolltillclItal  VI J1]I
baselines I)y l’llillil]s,  l,olmdalc and l’cigclso]l  (1991). ‘J’IICSC  two stars were also
~)art of a survey at 1.3 Inillilncter and were not clctcctcd wllilc otllcws stars
of the cloud were dctectcd, ‘Jlc 1.3 ]nil]ilnctcr clct,cctions  were intmprctcd
as cviclcIlc.c for a dust, disk around  tllc stars, i.e. I)rot,o-j)lallct,ary  matcria]
(Ilcc.kwith  cl {il. 1990) .  So one can s])cculatc that IIubblc  4 and 111)1’;283572
arc Inore  evolved slid, lmssil~lyt that tl~cir initial dust-disks llavc  already
collapsed into Ida IIcts.

‘J’AIII,I; 111 ‘J’IIc 7 l{adio Sttirs o f  o u r  \~l,lll l’rogra]l]

Star (;lass IIistallcc M ass(’s (A4~, ) S]mc.tra]  2 X  ~Jtl[,i~el.

(])C) hot/cool ‘J’ypc (,/as)

il~ Ari 1/s c\~li 50 >0.63/>0.71 G5v/Kolv <160
II R1099 1{s (:vli 36 1.1/1.4  G51v/l{llv 100
IIlwllo 1{s CVII 53 1 .5/0.8  1J2v/G()]v
az (;rl] 1{s (:\~li 21 1.12/1.14

/
l“6v G()\~ 2::

Alt l,ac 1{s (:\~ll >1 .3/>1 .3 G21V Kol\~ <80

llfl~~&#572 t:~f~ 1 ii [((8:2 ~ 3:8 ,; HI

‘J’llc astro]]lctric ])rccisioll  ac.llicvwl for  a2 O]] (().2 Illillialcscc.ollcl)  is ten
tili~cs the SNl{-li  Iiiitcd  ])recisioli  calc[ilated almvv (20 ll~ic.rc~arcsccoll(ls).  ‘J’llcrc:
arc at ]cast (II m systc]natic  error sourcm t IIat  l)rcvc]lt  currc[lt,  olmrvatiolls
fro]]] reaclli]lp,  this ultilil:ik ])rccisioll: 1 ) tlIc extra jwlatioll of tlIc wfcrellcc
s o u r c e  V],])]  ])IIH.w ill hca]n-switclld  olmrvatiolls  (0 tlIc till]c of tlIc Star
olxwrvatio]l,  “2) t]lc diflk, rc!ltial c.olltril)ut.ioll  of ttlc at]llos])llerc aIId iol](wj)llew

alo]lg t,lIc two lil]cs of sight to tllc rcfcrcllcc soi]rc.c and target star, aIId 3) tlIc
radio Illol])ltolop,)” of tlIc  rcfcrcllcc source :iIId, ]mssil)]y, of tile star.

lh]ri]l~ the IIcxt  1-2 ymrs, wc illtclld t o  s t u d y  tllc bmt al)])lo:ich  to rcxluce
tllesc Systcllla  t ic CIrrors:



1 )  by using fii.stcrs \f’itc.lIillg Li]nc Iwtwccn  obscrvaiiolls  ofttlcs tar alId
rcfercllcc sourm lmssiblc w’itll  Lhc ncw V1,IIA anktlnas.

2) by using (;1’S data tocalil}ratc tllc icjnos]}hcrc.  l)llal-f][ic]lle]lcy  G1’S
rcccivcw slic)uld  Im i]lstallml  at all VI,  IIA aIIte II IIaS,  slIOItly.

3)  by brcakillg,  our VI III1 olmn’atiolls  into 3-llc)ll  lscp;I1lcIlts  toilltc:rlcavc
l - h o u r  c)l~scrlJaticllls  ofstall[lartl astror]lc!tric.  calil)latc)rs tocalil)rate tlic
t,ro])os])here.

4 )  byswirc.lling forcloscr ]c:f(:rfJllc[’s c)lllcc:stllall thoolles wc used f o r
our  IIi])]mm)s ])mgra]ll. (;loscr rcfcrc]lcc sc)urms  (< 0.5°) sliould I)c
fouud  at kast for so]ne  of the 7 ]Jro])oscd stars. ‘1’heir radio flux dmsity
will  l ikely IJC wcitkcr  but  we  shall detcmnille tllcir absolut.c positio]i
relative to our currmlt rcfm’llcc  sources by conducting phase Iefcrcllccd
VI,]]]  obsc.rvatiolls, ‘J’llis  ‘(l)ooktrap”  prcmdure  will yield at least 1
]]]illiarc.sc’co]lcl  accuracy for tlIc rcfcrcllc.c  SOUICC and this will be clltircly
su f f i c i en t  to Ineasure t]lc slI]all difl’crclltial  ]m+itioll  ]wrt,urlmtioll of tlIc
star caused l)y a l)lallct,.

5) by map])illg the rcfcre]lcc sources  and accounting for the corrc81x)IldinF;
source  structure ill our diffcrclltial  mcasurclnento

6 )  by upgrading  thesoftw~ar  cS1’1{lN’1’ (Software  for] ’hasc-]{.cfc!rmlc.  cx]
lN’1’crf(:rc)]l~ctry)  tllat~i’c’  lla~’c(lc’~’clol)ccl  fc)ltllc~l li])])arcc)s-rclatc<l V],])]
progral[i WIIOSC ast.lolnctric accuracy lvaslc’ssst]ill~,c:llt tlla])  fortllc
J)l’C)])OS(’d 1)1’OF,l”alll.

‘7) I)y illcc)rl}ol”:lt illg{)l”l)ita] IIlotioll  oft]lt’s[ll)giallt (ill ])illary  systctl)s) i]lto
our astrolllclric fittill F; software.

o v e r  LIIC IIcxt  tll ICC years, wc ])lan to uscoII(I  star, 02 C;rll, a.s a kst-
bd Lorcduce L]IC ])rwwl~t  systt!]llatic ~’rrorsil)  ourastrolllct,ric  Incasurelllcllt,
and, ])ossibly,  reach tlie SNIL-limited ])rmisioll  of 20 lnicroa.rcsm.olld  011 US-
c.ontinc.ntal  ba.wtlillc!s. ‘J’llcsc’llsitil’c~l)c(~l) S])acc  Network  70 mctcralltc]llla
at Goldstonc  a]o]lp; w i th  tile US-co]ltille]ltal V1, IIA a.nte]lllas in Waslli]lg;toll
State, New h4cxico,  Arizona, ‘lhxas, lows, and New’ IIal])]xsllire  will ])rovidc
a rc!lativc]y  continuous lallgc of Imselilles  frol]l 1000 ktt] to 4000” kti I wllic.11
corrcsl)c)nd  exactly to t]ir allp,ular  rcso]utio]i  t]lat is required for t]ic  1{S (;V’]1
Iloll-t,ller]nal  radio starh  If’c I)rolxww  (0 olwc]vc. \4’csllall  also scalcll  for

suital)]c  Ilcw all F,ular]y  c]oscr rcfcrcllcc sources to all I]IC 7 stars ill Llle ‘1’al)]c
al)ove.  IJi]lally,  wcslIall illitiatc a l(JII~;-tcrIII I)ro~raIII o f  \~ljl{l  olme]-vatiolls
todctect,  ]mssil)le  I)lal)ct:il”y  ]j(’ltllll):iti~)lls  aro(lild t h e i r  lillcar ])ro])er  IIlot,ioll.
‘J’llisc)l~k’ic)llsl}~ wil l  ilii’[)l~’c c)ljs(’li’atiolls  at least aslollg,as IOycars.

\Vc]]avcllot i]lcludcd  :llly]lt':i!l)y]  :iclic)c `][littii]g;r ~'clcl~$:tlfsta  rs((lh4()
ill oul currcllt  list of target stars Iwcallsc  our strategy of olxwrvat,iolls  requires
that tllc stars }W rclial)lr at a Ilus dcllsity lCVCI  of 2 ]11 Jy. ‘I’llc stars ill tllc tal)lc
almve are lligllly  variat)lc’ I.)ut,  their flux dcllsity IIistory  snows that tllcy arc all
rclial)le  at tllc 2 II)Jy lcvc]. ‘1’llis IIliililllul]l  required flux dclisity will dcc,rcasc
Wllcli tllc Grcc]l  IIallk ‘Ik,lmcolw  a]I(l wi(l(,r  Imlldivi(ltl]  \~],ll] rccordi]lg systc~lt)s
(h4arli-l\~)  I.wco*,l[,  availal,le. A t  L]lat Liilleit will Im]mssil.)]c  tosig;llificailt]y
il}c. rcwsc tllc list of IIcall.)y stars to w’llicll this I)lar I(It searcl I tec.tllliquc  call  lx’
a])l)licd.



~lJMMARY

‘1’llcclctcction ofot,llcr ~JlaIIctary systcllls is fl]llclalllelltal t,oincrm.sing o u r
undrrstalldillg  of t,lle ori~;ill, cvt)lutiol), a]id frequency  of  suc]l sysLc]Ins.  htany
])la]]ct  dctmtio)l t,cclllliqucs  arc I)cillg dcvclo]ml, c:icli  wiLli itsowr]l  strcIIgtli’s
a]ld w(wk]l[wm. ‘1’llc ]Ilajo]st](’]lg(ll c)flli~;ll-])lecisic)ll  V],]]]  astronlctryis
tliatit is alrc’acl~~ closc:to clc’]lic)llstlati]lg  all al)ility to clctcct or r~llc:ollttllc
cxistcnc.c  of gas giant ])1.a]Icts orhitillg IIearby  radi Oe[l]itti]lg stars. in addition,
its ap]dicatioll to this field requires  110 llcw facilities or il]strlllllelltatic)ll. ‘1’lle
major  wcaknms  of Vl,]ll is that it allows us to study ])la~lctary  systeins  around
o]lly relatively utlusual stars. IIowcver,  ttlc recctit discovery of ])liillcts  orl)itillg
a ])ulsar  dclnonstrat,cs ratlier s]wctac.  ulary ttic fact that ])lallctary systc:lns
lId ]]ot 1)(: associated olIly with ‘tnor]nal”  stars. lIIdml, OIIC of the bas i c
qucstio]ls about tllc origin of solar systel[]s and cxtlatcrrc:st. rial  life is t,lic rallgc
of conditions undc.r which  l)laIlcts can forlll. lhlture VIJl)l sc:arc.llcs  forl)lal)cts
orbit, illg radic) clnittillg stars wou]d l)rovidc  valual]le d a t a  t,o llcl~) answer  this
question.
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